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£ndothelin-l 

(Human/Porcine/Ooq/Rat) 



IS, nno-.? ^^-^y-^ii^ ^l-amiao acid peptides that are ootent and 

!n/, ^'-""^^ ^^-"^ that.highly potent combined ETv^Ta receocor 

^'ol^ .u^ ^e-'elopea trom the C-carminal hexapeotide of ET (His^s.LeuiT.^.^ia.ngis. 

nrnf;nU-=. J . '^-^se Compounds are relatively unstable to enr/iatic 

proteolysis as detenninea m an in vitro rat intestinal permsate assav. This instabiHty is 
tooughc CO be due to caxoo:cypeptidase activity. In fact, incubation of PD 145065 with 
carboxypeptiaase mhibitors greatly increased its half-life in rat intestinal' oerfosate By 
Jf^.T'f-H^ reduced amide bond and iV-methyl amino acid scan,, it was discovered" that 
r° of •ne'-o resulted in a compound' (Ac-DBhg'^-Leu-AsD-ne-CNMeine-Trp^S PD 
156252) tnat retained full receptor afHnity at both endothehn receptor subtyrjes along with 
^^Tf ^*^J^^ty ^^<i <=sU^a^ permeabUity. Interestingly, N-methylatioa of this 

. bond allows the c:5 configiirafcion to be readily accessible which greatly. alters the oreferred 
structure or the entire molecule and may be responsible for the observed enhanced metabolic 
scaouicy. 

Introduction 

EndothelLa-l (ET-1; Fig^e 1) is a potent oeotidic 
constrictor of vascular smooch muscle that wW first 
isolated and characterized from the suDematant of 
porcine endofcheiiai celis.^-^ ET^L is one member of a 
fanuly of isopeptides that includes ET-2 and ET-3** along 
with the structurally and functionafly related mouse 
vasoactive intestinal contractor (VIC),^ the cardiotoxic 
sarafotoxins (SRTXs),^.^ and bibrotoxin.^ All members 
ofthis fanuly possess disulfide bridges between positions 
1 15 and 3-11, along with a highly conserved C- 
' terminal hydrophobic hexapeptide, ffis^s,X:cc-Aso-Yyy. 
ne-Trp-2i (XxK = Leu or Gin, Yyy = lie or VaD.^-^s 

Initially, two endothetin receptors were cloned, se- 
quenced, and characterized from the bovine and rat 
lung, respectively. ^3.14 r^y^^ g^^^ receptor is selective for 
ET-1 and ET-2 over ET-3, while the ETs receptor 
possesses equal affinity for all of the ET isopeptides. 
Subsequently, the corresponding human receptors have 
been cloned. ^s-is The endothelin receotor subtype popu- 
lations (ETa/ETb) are widely distributed in several 
tissues and possess different functions dependent upon 
the species and location. For examole, a highly selective 
ETs receptor ligand, sarafo toxin -6c (SRTX-6c),^^ has 
iinked the ET3 receptor to vasodilation in the rat aortic 
nug, while it is functionally linked to vasoconstriction 
m several other tissues. The existence of additional 
ETb receptor subtypes and/or species differences has 
also been reported.-°~23 

The identification of these receptors has facilitated 
the development of pepcidic and aonpeptidic endothelin 
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. .cstrac, pucitshed in Aduancs ACS Abscf^zs, June g 
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Figure 1. Structure of endothelin-i (ET-1). 

antagonists, for the ETa and ETb receptors or combined' 
antagonists for both the ETa and ETb receptors (for 
recent reviews, see refs 9-12). This research has 
focused on a series of combined ETa/ETb peptidic 
antagonists based upon the C-terminal hexaoeptide 
(His^s,Leu-Asp-Ile'Ile-Trp2i) of the endotheiins. In 
designing these antagonists the importance of the 
following structural features were considered: (i) the 
neutralization of the amine terminus by acetylation 
enhanced activity ^10-fold, (ii) the preference for D- 
aromatic amino acids in the 16 position, (ui)' the 
requirement for a tryptophan of the L -stereochemistry 
in the C-terminal 21 position, and (iv) the necessity of 
a C-terminal carboxylate.-'**-^ These observations re- 
sulted in the design and preparation of Ac-oDip^^-Leu- 
Asp-Ile-Ile-Trp^^ [compound' 2,. PD 142893 (Dip = 3,3- 
diphenylaiaiiine)p-27-29 kcrDEhg^^-LQu-As^-lle-lle- 
Trp^^ [PD 145065, compound 3 (Bhg = 10,11-dihydro- 
5i?^benzo(a,cf]cyciQheptene-giyciae)].^°"^2 of these 

compounds exhibited low-aanomolar affinity for the ETa 
(53 and 4.0 niVI, respectively) and ETa (13() and 30 niVI, 
respectively) receptors. Likewise, compounds 2 and 3 
were able to antagonize ET-l-stimulatsd vasoconstric- 
tion in vitro in the rabbit femoral artery (ETa, ^^-1 = 
6-c and 6.3, respectively) and SET]C-6c- stimulated vase- 
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constriction m_ the' rabbit' pu, jnary arte'r^/ -(ET 3; -pA^"' 
5.3 and 7.0, respectiveiy).'^--'^"-^-., .Uniort-unatsly, both 
■ of these compounds have relatively short half-lives (18,1 ' 
: ± 3.4 and i0.5.± 2.2 tnin, respectiveh/) in rat intestinal 
• perfusate, suggesting limited utility of these compounds 

for further in uivo evaluation. 

• In an attempt to further stabilize these compounds 
against proteolytic degradation while maintaining re- 
. ceptor aninity, a reduced amide bond and N-methylated 
amino acid scan of compound 2 was performed. These 
modifications, in particiilar the incorporation of. N- 
methylated amino acids, should have significant effects 
on the conformational preferences of the peptide back- 
bone. In the case of the N-methylated analogues, the 
.energy barrier between the cis and trans amide bond 
conformers is greatly reduced. 

In all cases, these modifications, save one, resulted 
in significant losses of affinity at one or both of the 
endothelin receptor subtypes. In particular, the incor- 
poration of [NJ/Iellle in the 20 position of compound 2 
resulted in an analogue, Ac-DDip^^-Leu-Asp-Ile-[NMe]- 
Ile-Trp2i (compound 13, PD 149764), that maintained 
good affinity at both receptor subtypes. This modifica- 
tion was incorporated into the more potent compound 
3 template which residted in an analogue, Ac-DBhg^^- 
Leu-Asp-ne-[NMe]Ile-Trp2i (compound 15, PD 156252), 
that had high affinity for both receptor subtypes and 
greatly enhanced pharmacokinetic properties (stability 
in rat intestinal perfusate and cellular permeability). 

In an effort to, help understand the reasons for the 
improved pharmacokinetic properties of compound 15 
and, in particulsu*, its conformational preferences with 
respect to compound 3, an examination of these ana- 
logues by ^H-NMR spectroscopy in solution was per- 
formed. One powerful ^H-NMR technique for the con- 
formational/structural analysis of macromolecules is 
isotope-edited NMR spectroscopy. This strategy is 
limited to cases where the soluble macromolecule (in 
this case, the receptor) is readily available and either 
it or the ligand can be isotopically enriched with ^^C and/ 
or ^^N. Unfortunately, in the present scenario this was 
not the case, since the ETa and ETa receptor subtypes 
were not readily available, A second, more generally 
applicable, although less powerful, approach is to de- 
termine structural parameters of the receptor ligand 
under a variety of conditions (e.g., solvent, temperature, 
pH, and the like). If the conformational preferences of 
the ligand are preserved under several different condi- 
tions, there is a reasonable expectation that such 
conformations are the energetically preferred ones.*^^ If 
a compounds three-dimensional structure can survive 
severe environmental changes, it is even more reason- 
. able to propose that the solution conformation is Ukely 
to represent a biologically relevant conformation. 

There are several examples of solvent-dependent 
conformational changes in peptides/pseudopeptides. For 
example, it is well known from circular dichroism (CD) 
and NTvIR studies that fluorinated alcohols, such as 
trifluoroethanol (TFE) and hexafiuoro-2-propanol (HFIP), 
can induce increased helical structxare in linear peptides. 
There is also abundant literature available describing 
large conformational changes observed for certain cyclic 
peptides such as cyclosporin A ((^^A) in polar and apolar 
solvents. In fact, it has been shown that the predicted 
conformation of CsA in lii50Dhilic solvents and the 
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similar "X-ray _,ucture that was suggested 'to he the 
bioactive conibrmation were incorrect using iso'taoe- 
" edited NMR techniques.'' The'opposite was'showh'ia the 
case of rampamycin, in'which the solution str^acture,^'^ 
-crystal structure^^ and receptor-bound conformations 
.^are identical. In addition, it has been shown "for- the 
cases "of the. c3 .receptor selective opioid antagonist 
[oPen-,' DPen^lenkephahn and . the cyclic octapeptide 
known as sandostatin that it is" not possible to rely on 
only the X-ray crystal or solution Nl^vIE structure to 
determine the bioactive structure.^^-^*^ In fact, depend- 
ing upon the particular situation, either method could 
•be argued to be more predictive. 

The ability to measure a large number of NME 
observables, particularly nuclear Overhauser effects 
(NOEs), and coupling constants in biomolecules has 
made possible the determination of several protein 
structures in solution.'*^ It is generally accepted that 
these data are more abundant and easier to quantitate 
when internal motion is limited as in the case of 
medium-sized proteins with extensive secondary and 
tertiary structure. A much more difficult problem 
. exists, however, when NMR is .used to measure the 
conformational preferences of small peptides in solution. 
As is often the case in aqueous solution, linear peptides 
exhibit random coil chemical shifts and yield few 
structurally relevant NOEs. The lack of NOEs is due 
to several factors, including multiple conformations and 
dilution of the intramolecular dipolar interactions by 
dipolar interactions with solvent. One of the more 
useful and informative techniques available is analysis 
of the carbon and proton chemical shifts. Since chemical 
shifts are sensitive to the peptide backbone angles and 
the time scale is much faster than for cross-relaxation - 
(10~^ versus 10"^ s), chemical shifts can yield informa- 
tion on peptides that are undergoing fast exchange 
between multiple conformations.'*^ 

Analysis of the proton NMR characteristics of com- 
pound 15 suggested pronounced conformational prefer- 
ences that were dependent upon the solvent, ionization 
state, and concentration. For example, in DMSO-^fe, the 
.sodium salt of the peptide adopted a cis peptide bond 
between Ile^^ and [NMe]Ile^°, whereas' in aqueous 
solution, this peptide bond was trans. In DMSO-cfg 
solution the structure was characterized by a wide 
dispersion in the amide protons with little dispersion 
in the methyl protons of lie and Leu. Similar effects 
were observed by modifying the ionization state or 
concentration of compound 15 in solution (see below). 
By comparison, there were not similar spectral cheuiges 
in compound 3 which lacks the [NMe]Ile-° residue. 

Herein, this paper will describe the synthesis of a 
series of endothelin hexapeptide antagonists based upon 
compound 3 that contain reduced and N-methylated 
amide bonds along with structure-activity relationships 
(SAR) and pharmacokinetic properties. In addition, this 
manuscript suggests a potential explanation for the 
increased stability observed in rat intestinal perfusate 
of compound 15 along with implications to the bioactive 
conformation of C-terminal endothelin hexapeptide 
antagonists based upon the measurable NMR param- 
eters. 

Chemistry 

Peptide Synthesis, Purification, and Character- 
ization. All of the peptide analogues were prepared 
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• Ac-DDip^^-Leu-Asp-ne-rie-Trp-^^ 
' •Ac-oBhgi^-Uu-Asp-Ile-ne-TnD-i 

■ Ac-DDipi^-CCKnNTil-Leu-Asp-Qe-Ue-TnD-i 
.^Ac-DDip-S-Leu-iCH^iNTil-AsD-ne-ne-Trp-i 

.■^;pDipi6-Leu:Asp-[CH2NH>ae-ne-T^ 

■ A^c-bDipiS-Leu-AaD-ne-rCK.2iVHl-ne'Trp^ 

■ Ac-DDipi^-Leu-A3p-ne-ne-(:CH2>rHVTrp^: 

• Ac-D(NMe]Dipis,Le^^_j^Q,j|g_jjg_^^^2i 

Ac-oDip^6-[NMe]Leu-Aap.ne-Iie-Trp-V . 

Ac-DDip^6-Leu-[N?^IelAsD-ne-ne-Trp-i 

Ac-DDipis.Leu-A3p-CNMe]Ilelne-Trp2i 

Ac'DDip^6-Leu-A5p-ne-CNMejne-Tr^^^ 
Ac-DDip^8.L^^.^p,J2g_Qg_^^^^j^^2^ 

Ac-oBhg^6.Leu-A5p-ne-[KMe]Ile-TTp^^ 



'•0.058 * 0.01* 
"^^0.0040 d:''0.0004/ 
:n!2.7.. ■ 

0.26 
•: 0-25 
'f-0.26 
'.r '.Q.SS 

: 4.5 

.0.20 
■''3.2 ■ 
0.70 
■■0.030 

.3;0 

. 0.0010 i 0.0003^ 
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0^130 ±:q,03' 

■■0.015 i 0.003/* ■.' 
•^^1.3 ■. 
. >0,25 
0.020 
>0.25 
>0.25 
3-0 
0.60 
1.5. 
>L0 

0.080- 
.11.0 
0.040 
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peptide synthetic (SPPS) methodolo- 
gies: ''^ The peptide analogues were prepared utilizing 
a tert-butyloxycarbonyl (iV^-^-Boc) protecting group strat- 
egy on a PAM^5 (phenylacetoamidomethyl) resin. N^- 
^-Boc-protected unusual and iV-methyl amino acids were 
purchased frpm commercial sources or prepared utiliz- 
ing literature methods.^«-^8 .The reduced amide bonds 
were prepared by reductive amination of the corre- 
sponding amino aldehyde. -^^-^o The iV^-^Boc-protected 
ammo aldehydes were prepared by reduction of the 
corresponding iV.O-dimethylamide ("Weinreb" amides) 
of the amino acid with lithium aluminum hydride or for 
aspartic acid by oxidation of the orotected amino 
alcohol.-^ In some cases, iV-methyl amino acids were 
prepared on the solid support utilizing a temporary 
protecting group followed by reductive amination with 
formaldehyde or for aspartic acid which was prepared 
m solution by reduction of the corresponding oxazoli- 
dmone (see the Experimental Section).52,53 

Each iV^-^-Boc group was removed with 50% trifluo- 
roacetic acid (TFA) in ' dichloromethane (DCM) and 
neutralized with 10% diisopropylethylamine (DIEA) in 
DCM prior to incorporation of the next protected amino 
acid. AU amino acids were single coupled as either their 
^""^^ anhydrides or iV-hydroxybenzotriazole 
(MUBt)-activated esters unless incomplete coupling was 
mdicated, by the Kaiser test.^^ If incomplete incorpora- 
tion of the acylating agent was indicated the amino acid 
was recoupled until a negative Kasier test was obtained 
After coupling of the last amino acid and iV^-amine 
deprotection, the peptide was acetylated with an excess 
y^^^azole in DCM or 10% acetic anhydride 
in DCM with a catalytic amount of 4-{dimethylamino)- 
pyndme (DMA?). The peptides were simultaneously 
deprotected and cleaved from the resin by treatment 
with anhydrous Uquid hydrogen fluoride (HF) and 
anisole (9:1, v/v) at 0 T for 1 h. The resin was filtered 
and washed with diethyl ether, and the crude peptide 
was extracted mto aqueous solution, concentrated under 
lized^^^ P^^23^®» resuspended in water, and lyophi- 

All crude peptides were purified to homogeneity by 
preparative reversed-phase high-performance liquid 
chromatography (HPLC) eiuting^th a linear'gradient 
'r^*^- increasmg concentrations of 
U.1% TFA m acetonitrile (AcCN).. Peotide fractions that 



were determined to be homogenous by analytical re- 
versed-phase HPLC were combined and lyophilized. For 
secondary in vitro functional evaluation, the purified 
peptides were converted to the corresponding disodium 
salt, by treating the fully protonated analogue with 5% 
aqueous sodium bicarbonate, followed by solid-phase 
extraction on a CIS cartridge, elution with methanol, 
concentration under reduced pressure, resuspension 
water, and lyophilization. All final compounds were 
analyzed for homogeneity by analytical reversed-phase 
HPLC and/or capillary electrophoresis (CE) and char- 
acterized for structural integrity by elemental analysis, 
electrospray mass spectrometry (FABMS) and proton 
nuclear magnetic resonance, (^H-NMR) spectroscopy. ■ 

Resvilts and Discussion 

It has been well docmnented that potent ETa and ET3 
receptor antagonists can be developed from the C- 
terminal hexapeptide of endothelin, such as Ac-DDip^^- 
Leu-Asp-Ile-Ile-Trp^^ (compound 2, PD 142893)25.27-29 
and Ac-DBhg^6,Lg^.^p,jig,jjg_^^2i (compound 3, PD 
145065P-32 (T^ble 1). Both compounds showed similar 
binding affinities to the ETa (rabbit renal vascular 
smooth muscle cells; IC50 = 58 and 4.0 nM, respectively) 
and ETa (rat cerebellar membranes; IC50 = 130 and 15 
nM, respectively) receptors. In addition, in vitro com- 
pound 2 was able to block ET-l-stimulated vasocon- 
striction in the rabbit femoral artery (ETa) and sarafo- 
toxin-6c {SRTX-6c)-stimulated vasoconstriction in the 
rabbit pulmonary artery (ETb) with pA2 values of 6.6 
and 6.3, respectively.25.27-29 Likewise, compound 3 
possessed pA2 values of 6.6 and 6.8 for the ETa and ET3 
receptors, respectively.^*^"^^ 

Both of these compounds had relatively short half- ' 
lives (18.1 ± 3.4 and 10.6 ± 2.2 min, respectively) in 
rat intestinal perfusate, thus limiting the utility of these 
compounds for further in vivo evaluations..^^*^** Each 
compound was degraded to a primary metabolite plus 
several other fragments under initial rate conditions. 
Incubation of compound 3 with a carboxypeptidase 
inhibitor from potato tuber reduced the rate of hydroly- 
sis by 75%. Given that an aromatic amino acid is at 
the C-terminus of the peptide, this provided evidence 
of the involvement of carboxypeptidase A which prefers 
this substrate configuration.^^ In addition, it was shown 
by reversed-phase high-peri*ormance liquid chromatog- 
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rapiiyi as, well as mass spectre .ry, that 'Ac-i)Pip-^-" 
.,'t^u-Asp-Ile-Ile and Ac-DBhg'-^-L^u-Asp-Ile-ne .were the 
'-"priinary metabolites of coniDouncls 2 and 37 resuec-' 
|tiveiy.^y\ ... ; V .. ,. 

^.V-It has been previously shown that N-tenrdnal acety-' 
■ lation of these rnolecaies was required for high receptor 
;:affinity; however, mbdincations of the C-tenninus to'' 
protect against exopeptidases^ 'such as' carboxypepti- ; 
dases, have not been 'tolerated.^^"^^ ' In addition, mul- 
tiple D- amino acid substitutions all led to significant 
losses of receptor afnnity.'^^-^'^ Thus, we have under- 
taken a reduced amide and iV-m ethyl amino acid scan 
of the C-terminal hexapeptide to explore the structural 
features that will maintain receptor affinity while 
enhancing stability to enzymatic proteolysis. 

Reduced Amide Bond Scan of Compound 2. The 
reduced amide (aminomethylene) analogues (compoimds 
4-8) were prepared by reductive amination with the 
appropriate iV'^-^-Boc-protected amino aldehyde to the 
growing peptide on the solid phase or in solution/^*^*' 
The protected amino aldehydes were prepared by reduc- 
tion of the corresponding iV,0-dimethyiamides (*Wein- 
reb" amides) with lithium aluminum hydride or for 
aspartic acid by oxidation of the protected amino 
alcohol.^^ Alternatively, the amino me thylene-contain- 
ing dipeptide was prepared, suitably protected, and 
coupled directly to the growing peptide (see the Experi- 
mental Section). In general, it was observed that the 
reduced amide analogues (compounds 4-8; Table 1) had 
7-70-fold less affinity for the ETa receptor than the 
parent peptide (compound 2). Likewise, 4-fold or more 
loss in binding aiEnity was observed for the ET3 
receptor with respect to compound 2. However, com- 
pound 6 with the reduced amide bond between Asp^^ 
and Ile^^ actually showed 3-fold enhancement of binding 
affinity to ETa with respect to compound 2. In spite of 
the interesting profile of compound 6, the reduced amide 
bond series was not pursued further, since the goal of 
this study was to discover a stabilized ETa/ETb receptor 
antagonist with high affinity for both receptor subtypes, 
thus a profile similar to that of compounds 2 and 3. 

A''-Methyl Amino Acid Scan of Compound 2. The 
mono-A''-methylated analogues (compounds 9—14) were' 
prepared by incorporation of the N'^-t-Boc- or iV^-Fmoc- 
protected iV-methyl amino acid to the growing peptide 
on the resin (purchased from commercial sources or 
prepared by the method of Freidinger et al,^^) or by 
reductive amination on the resin with formaldehyde 
using a temporary monoprotecting group [4,4'-dimethox- 
ylphenylmethyl (Dod)] on the N'^-terminal amine (see 
the Experimental Section).^^ Similar to the reduced 
amide bond analogues, most of the N-methylated ana- 
logues of compound 2 (compounds 9-12 and 14; Table 
1) showed losses in receptor affinity 'of 7-160-fold. 
However, Ac-DDip^s.Lg^,^p,^g_j-J^£g]J2e-Trp2l (com- 
pound 13) maintained high affinity for both the ETa and 
ETb receptor subtypes (30 and 80 nM, respectively).^^ 
[Several conditions were explored [iV^'-diisopropylcar- 
bodiimide (DIG), DIC/HOBt, (benzotriazol-l-yloxy)tris- 
(dimethylamino)phosphonium hexafluorophosphate (Bop 
reagent), 0-(benzotria2ol-l-yi)-l,l,3,3-tetramethyluro- 
nium hexafluorophosphate (HBTU), and 0-(7-a2aben- 
zotriazo 1- 1-y D- 1 , 1 ,3 ,3-tetramethyluronium hexafluoro- 
phosphate (HATU)] for the coupling oTDe^^ to [NMejUe^ 
with little success (< 20% incorporation),* The use of the 
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FigTire 2. Stracture of compoimd 15 (PD 156252). 

acid chloride of iV^-Fmoc-Ile- proved to be highly effective 
for this coupling (see the Experimental Section for 
preparation of compounds 13 and 15),] Also, in vitro . 
compound 13 was able to block ET-1 -stimulated, vaso- 
constriction in the rabbit femoral artery (ETa) and 
SRTX-6c-stimulated vasoconstriction in the rabbit pul- 
monary artery (ETb) '^th pA^ values of 6.6 and 6.3, 
respectively. 

Due to the profile of compoimd 13/ the' [NMe]IIe-° 
substitution was incorporated in the more potent Ac- 
DBhg^6-Leu-Asp-ne-ne-'Trp2^ (compound 3) template to 
produce compound 15. Compound 15 showed enhanced 
binding affinity to both the rabbit ETa and the rat ET3 
receptor subtypes with ICso's of 1.0 and 40 nM, respec- 
tively. Likewise, compound 15 was able to antagonize 
ET-l-stimulated vasoconstriction in vitro in the rabbit 
femoral artery (ETa, PA2 = 7.3) and SRTX-6c-3timulated 
vasoconstriction in the rabbit pulmonary artery (ETb, 
pA2 = 6.6). Thus, compound 15 represents a highly 
potent combined ETa and ETa receptor antagonist 
(Figure 2).^^ 

■ It has been previously reported that a significant 
species difference between the binding affinity of ligands 
for endothelin receptors can exist, especially in the case 
of the ETb receptor. In general, compounds have been 
shown to possess significantly lower afiinity (150-foid 
and greater) for the human cloned ETb receptor than 
for the corresponding rat receptor. *22^3.29 Compound 15 
maintained good binding affinity for both the human 
cloned ETa and ETb receptor subtypes (3.0 and 25 niVI, 
respectively). 

As shown previously, the parent compounds 2 and 3 
were unstable in rat intestinal perfusate with half-Uves 
of 18.1 ± 3.4 and 10.6 ± 2.2 min, respectively.^^-^ Large 
increases in the haif-lives of the [NMejlle^o analogues 
(PD 149764 and PD 156252) were observed. In fact, 
compounds 13 and 15 were approximately 50-fold more 
stable than their parent analogues ^Adth half-lives in rat 
intestinal perfusate of 875 ± 145 and 538 ± 52 min, * 
respectively (Table 2). 

Caco-2 cells are a continuously cultiired cell line 
derived from hiiman colon adenocarcinoma that spon- 
taneously differentiate to resemble the epithelial cells 
that line the small intestine and have been widely used 
as an in vitro model of intestinal absorption.^®"^^ 
Several of the hexapeptide antagonists were exaunined 
in this model: compounds 2, 3, 13, and 15. All of these 
compounds are of similar molecular weight and charge 
(-2 at physiological pH). The Caco-2 permeabilities of 
the hexapeptide ET antagonists ranged from approxi- 
mately 2.0 X 10-** to 6.3 X 10-*^ cm/min which, when 
compared to standard compounds, suggests a potential 
for moderate, but measurable, intestinal absorption in 
vivo in the range of 5-10% (Table 2). Compound 2 was 
the least permeable, and compound 15 was clearly the 



.Table 2. Sbabiluy m Rat inca stinal Verfusate and Penneabaity in Caco-2 Cell Monolayers for .Compounds 2, 3, 13, a nd 15 

■*:compound^ - perm ea bill cy^ (iO\ cm/rnin) ^ ... ' - st^bilitT {t Tnm) ^ . 



no. 



2c (■ 
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most permeable. This" increase in permeability'is likely 
due to the enhanced lipophilicity of compound 3. How- 
ever, the differences between analogues were small and 
the permeabilities were low, as could be anticipated 
from the physicochemical- properties described above. 

In addition, compound 15 was shown to possess in 
vivo activity by inhibition of the pressor response to an 
ET-1 challenge in a conscious rat model. In particular, 
. a dose of 10 mg/kg of compound 15 was administered 
IV bolus to conscious rats 5 and 30 min prior to an ET-1 
challenge (0.30 nM/kg, iv bolus). Compound 15 was 
shown to reduce, the pressor response to ET-1 by 81% 
and 58%, respectively. Thus, compound 15 was effective 
as an antagonist in an in vivo model in .a time dependent 
manner. 

NMR Studies of Compounds 3 and 15. The 

following discussion involves a description of (1) the ^H- 
NMR spectral properties of compounds 3 and 15 under 
various conditions including solvent content and ioniza- 
tion state and (2) the structural properties of two 
different conformations of the sodium salt of compound 
15. Under each different set of conditions employed, 
ngorous proton NME assignments were made. using 
wen-established 2D procedures.^i The ^H-NMR spectral 
parameters of compound 3 have been previously re- ' 
ported in dodecylphosphocholine miceUes.^^ In micelles, 
compound 3 was shown to adopt a standard turn 
topology in three closely related families which were 
significantly different than the structures observed in 

. aqueous .or DMSO-ds solution. In addition, it was 
shown that compound 3 was in fast chemical exchange 
between several closely related conformational states 
The proton NMR data for the disodium salt and fully 

* ?^!v°^an^*^^^ of compounds 3 and 15 in aqueous and 
DMSO-de solution are provided in the Supporting 
Information. 

rr^^.^^\^^ Solvent on Spectral Characteristics. 
The ID ^H-NMR spectra of the disodium salt forms of 
compounds 3 (3-Na) and 15 (15-Na) in DMSO-^fg (top 
trace) and aqueous (bottom trace) solution are shown 
m Figure 3A,B, respectively. In the case of compound 
3-Na, the ^H-NlVm spectrum is slightly different in the " 
two solvents, with small changes in chemical shift 
dispersion in most regions of the spectrum (Figure 3 A) 
n^QnT""' '^-^^ spectra of compound 15-Na in 
UMbO-<f6 and aqueous solution are significantly differ- 
ent from each other (Figure 3B). The DMSO^e spec- 
trum (top trace) is characterized by significant spectral 
dispersion of the amide protons, aspartic acid ^ orotons 
and a clustering of the methyl protons of the* leucine 
and isoleucine residues. However, the aqueous spec- 
trum (bottom trace) is characterized by a large degree 
of dispersion in the methyl region, with the y methyl 
protons of Ile^^ at exceptionally high^ field (0.18 ppm). 
Other regions of the spectrum are more similar to each 
oc.er. Interestmgly^ addition of 10% (v/v) water- to a 
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Figure 3. 500 MHz iH-NTVIR spectra of compound 3-Na (A) 
- and compound 15-Na (B), In both cases, the bottom trace is 
the peptide dissolved in 90% H2O/10% D-iO with the pH 
adjusted to 6.7 and the top trace is the peptide dissolved in 
DMSO-do. 

solution of compound 15-Na in DMSO-^fs caused a 
collapse of the dispersion in the amide region and an 
increase in dispersion in the methyl region of the 
spectrum such that the spectrum becomes similar to the 
aqueous spectrum (data not shown). In the converse 
experiment, addition of up to 50% (v/v) DMSO^g to an 
aqueous solution of compound 15'Na resulted in a slight 
increase in the dispersion in the amide protons and a 
decrease in the spread of the methyl proton chemical 
shifts of leucine and isoleucine. These dramatic differ- 
ences in the ^H-NMR spectral properties of compound 
15-Na that are solvent dependent are most likely due 
to cis = trans isomerization around the Ile^^-CNMeJIle^o 
amide bond. 

To further investigate this phenomenon, the ^H-NMR 
spectrum was qualitatively analyzed for compound 
15'Na in a number of other organic solvents (data not 
shown). The spectrum of compound 15-Na in methanol- 
dz solution was similar to the peptide dissolved in 
aqueous solution, whereas the spectrum in DMF<f 7 was 
very nearly identical to that observed in DMS0-<f6. The 
peptide dissolved readily in acetone-de and sparingly in 
AcCN-cfa. The resonances were extremely broad in both 
solvents, suggesting extensive aggregation. 

Secondary Chemical Shifts, It has been well 
established that proton and carbon chemical shifts in 
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*/pepcides and pro ce ins aire ''si -i.ve to <^ *aird ^ angles. 
. Thus, the aecoadar/ Ca'and Ha chemical shiits for both 
.'forms of compounds 3 and 15 were' analyzed/' "'The fully 
■ protonated peptides dissolved in DMSO^s show •only 

• small secondary shifts;' indicative" of highly' ■fleiibie 

• cooformation properties; For the two analogues in D2O, 
a similar secondary shift pattern' is observed for com- 
pounds 3-Na and 15-Na,' with' the main diSerence being 
a larger negative secondary shift at position 19 in the 
N-methyiated peptide (compound 15-Na)/ In DMSO- 
ds, both peptides clearly become more ordered, but their 
secondary shifts now differ significantly in both mag- 
nitude and sign.' Interestingly, the major difference 
between the disodium peptides in DMSO-^fg'is again at 
Ile^^, with a S ppm difference in secondary shift and 
a change in sign. Also, the magnitudes of the secondary 
shifts for compound 15-Na are universally higher than 
for compound 3-Na, suggesting a more stable secondary 
structure for the methylated peptide. 

Quantitative analysis of these secondary shifts is 
complicated by several factors. First, in our analysis 
of Gly-Gly-[lNnVIe]Ile-Gly-Gly, only the trans conformer 
was observed in aqueous and DMSO-cis solutions. 
Therefore, the appropriate random coil chemical shift 
is not available for the cis conformation of [NMejIle. 
Hence, the random coil chemical shift for the trans 
conformation was used for all peptides. This may be a 
reasonable value, since it is known that Pro Ca shifts 
are not very sensitive to the geometric configuration 
. about the imide bond. Second, the nearest-neighbor 
corrections for the random coil chemical shift of Ile^^ 
(when preceding [NlVIejlle) were taken from work with 
proline-containing peptides. Here again, the assump- 
tion that [NMe]Ile is similar to proline with respect to 
secondary shifts may not be valid. 

Effect of Ionization State. The ^H-NIVIE spectrum 
of the fully protonated form of compound 15 in DMSO- 
de is characterized by poor dispersion with very little 
indication of secondary structure. The temperatxire 
coefficients and amide to a proton coupling constants 
(^NHHa, Table 2) that can be measured are consistent 
with a conformationally flexible structure. Addition of 
20% aqueous sodium hydroxide in approximately equimo- 
lar proportional steps initially results in a broadening 
of the signals in the amide region, and two sets of 
signals could be seen for some of the aliphatic protons. 
This is most likely due to cis = trans isomerization . 
around the Ile^9-[NMe]Ile20 amide bond induced by 
deprotonation of the peptide, vide infra. Addition of a 
third equivalent of base resulted in a spectrum es- 
sentially identical with that of compound 15-Na. When 
a similar titration was performed with aqueous potas- 
sium hydroxide or cesium hydroxide, the results were 
indistinguishable from those using NaOH.. 

The above results are consistent with the following 
hypotheses/observations: Firstly,. a distinct conforma- 
tion is observed for compound 15-Na in aprotic anhy- 
drous solvents (DMS0-<f6, etc.) that is "more ordered" 
than the conformation observed in protic solvents or 
that of the protonated peptide species in aprotic sol- 
vents. Thus, the "ordered" structure is not favored 
when the C-terminal and aspartic acid side chain 
carboxyl anions are fully or partially neutralized by 
protons or efncient solvation. 5'econdly, this "ordered^" 
structure is not readily accessible to an analogue of 
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Figure 4. Structures of cis (left) and trans (right) confortners 
of compound 15. 



compound 15-Na that does not contain an [NMejIle-^, 
(i.e., compound 3-Na). 

Conformational Preferences for Compound 
15-Na. Because of the unique spectral features ob- 
ser^/ed for compound 15 (hut not compound 3), the 
hypothesis that the structure characterized by the 
unusually large .dispersion of amide proton chemical 
shifts was due to the formation of a cis peptide bond 
. between Ile^^ and [NMe]Be-° was investigated. .Methyi- 
ation of the amide of Ile-° decreases the energy differ- 
ence between the trans and cis configurations, making 
both energetically accessible. NOEs between the a 
protons of Ile^3 and Ile^o or [NMejlle^o estabUshed that, 
indeed, the sodium form of the peotide was 100% cis 
(about the Ile^^-CNMellle^o peptide bond) in DMSO-<fs, 
while the lack of NOEs in aqueous solution established 
that the peptide bond was 100% trans. 

In one 15 mJVf sample of compound 15'Na in DMSO- 
ds, numerous medium and long range NOEs in 'a 
NOESY spectrum recorded with a mixing time of 400 
ms were observed. The sign, of the NOEs was consistent 
with a correlation time of greater than 1 ns, which was 
somewhat surprising for a linear hexapeptide. To 
investigate this further, NOESY spectra were obtained 
at 80, 120, and 200 ms, respectively. Analysis of the 
NOE buildup curves provided clear evidence that many 
of the cross-peaks observed in the 400 ms NOESY were 
due to spin difiusion. Analysis of the shapes of the 
buildup curves suggested that all of the NOE informa- 
tion in the 80 ms NOESY was due to direct cross- 
relaxation. Sixty-five cross-peak volumes were con- 
• verted to upper bound distance constraints and used to 
generate structures for compound 15-Na. In addition 
to distance constraints, the O angles of residues 16, 17, 
and 19 were constrained to the range of -75*^ to —175°, 
based on VNHHa- 

Using these constraints, 20 structures were generated 
by distance geometry/simulated annealing. Nineteen of 
these had final DGII optimization errors of <0.1, and 
none of these had experimental distance violations of 
more than 0.3 A. Representative structures from these 
calculations are shown in Figure 4. 

Seversd structural features that were consistent with 
the observed spectral properties were apparent. First, 
the close proximity of Leu^^ and He^^ side chains to the 
oBhg^^ and Trp-^ side chains, respectively, could explain 
the high-field-shifted methyl protons observed in the 
trans conformer. These were also consistent with the 
aromatic methyl NOEs observed for compounds 3'Na 



22 o4 Journal of tvle die in.al Ch^mlszr-j '"^97, VoL dQ^ No . 1 4 



Cody ec al. 




J 



pom 



IQ 



Figure 5. Concentration dependence of the ^H-NMR apectrum 
of compound lo-Na in DMSO-ds at 35 X. The three concen- 
trations shown are 145 naM (top trace), 72 mM (middle trace), 
and 36 mM (bottom* trace). 

and 15'Na in aqueous solution and for the folly proto- 
nated forms of compounds 3 and 15 in DMSO-^fs- In 
the structures calculated for compound 15-Na in DMSO- 
ds, the three . aliphatic side chains were exposed to 
solvent and further removed from the aromatic side 
chains, consistent with the lack of chemical shift disper- 
sion for these species. Second, although the. side chain 
of Trp for compound 15-Na was not well defined in the 
ensemble of structures, on average it was closer to the 
DBhg^^ side chain than in the extended structure. 
Mutual ring current effects could be invoked to explain 
the additional dispersion in the aromatic resonances of 
the DBhg^s residue and the unusual chemical shifts of 
the Trp^^ side chains (compared to Trp in a random coil 
peptide) for the sodium salt in DMSO-de. Third, the 
amide protons were intemahzed in the calculated 
structures, consistent with their highly disperse chemi- 
cal shifts and relatively small temperature coefficients. 
Finally, the C-terminal carboxylate was poised for 
hydrogen-bonding interactions with the NH of Ile^^ and/ 
or Asp^^ in many of the final structures. The potential 
for electrostatic interaction between the C-terminal 
carboxylate and amide protons could be a driving force 
for ci5-peptide bond foimation in this peptide dissolved 
in an aprotic solvent. Possible structures for the cis and 
trans conformers of compound 15-Na are shown in 
Figure 4. 

Concentration Dependence of Compoiind 15-Na 
m DMSO-<fe Solution. In an attempt to measure the 
three bond ^^C^NH coupling constants, a sample was 
prepared by dissolving 72 mg of compotmd 15-Na in 0,5 
mL of DMSO^s (-150 mM). The resulting spectrum 
was more complex than expected based upon spectra ' 



■ recorded at lower jsnfcrations. -DUutiag this samoie 
4- toid resulted in a return to a more norinal snectnam 
(Figijre 5).., Some resonances (cf, the Trp jndole reso- 
nances at 10,6 ppm) suggest a. slow exchange between 
diS'erent^ species, whereas the amide protons simply 
broaden and/or move to higher Seld at the higher con- 
centration.' A possible explanation for. the .concentra- 
tion-dependent beha^Aor of the spectrum is a monomer 
= multimer equilibrium or an ionic strength/pH effect. 
The. peak positions of the species that forms at .higher 
concentrations are similar to those observed for the fully 
protonated- form of compound 15, suggesting that this 
species contains compound 15 lq the trans configuration. 
• Addition of substoichiometric amounts of sodium 
hydroxide, to a 60 mM solution of the fully protonated 
form of compound 15 resulted in a decrease in the 
amount of this species with a concomitant increase in 
the species identified as the cis configuration of com- 
pound 15-Na. Thus it appears that the second species 
observed at higher concentrations may be the trans 
configuration of compound 15 and that its relative 
abundance may be a function of the effective pH and/ op 
ionic strength in the DMSO-cie solution. This is affected 
by such difficult to control variables as the extent of 
hydration and the exact protonation state of the peptide, 
as well as the amount of water present in the solvent. 

Conclusions 

Compound 15 represents a constrained analogue of 
compound 3 that is a highly potent combined ETa and 
ETb receptor antagonist. Compound 15 showed en- 
hanced binding affinity to both the rabbit ETa and rat 
ETb receptor subtypes with ICao's of 1.0 and 40 nM, 
respectively). Likewise, compound 15 was able to 
antagonize ET-1 -stimulated vasoconstriction in vitro in 
the rabbit femoral artery (ETa. pA2 = 7.3) and SRTX- 
6c-stimulated vasoconstriction in the rabbit pulmonary 
artery (ETa, pA2 = 6,6). In addition, compound 15 was 
approximately 50-fold more stable than compound 3 in 
rat intestinal perfusate with a half-life greater than 500 
min. Since the only difference between compounds 3 
and 15 Lies in the N-methylation of the amide bond 
between Ile^^ and Ile^*^, the enhanced proteolytic stabil- 
ity and cellular permeability must be related physically 
or conformationally to this modification. In addition, 
siace N-methylation of an amide bond is known to have 
significant effects on the conformational preferences of 
the peptide backbone and compound 15 is a highly 
potent analogue, it must be assumed that this modifica- 
tion has constrained the molecule in a conformation that 
is favored for interaction with the ET receptor subtypes. 

It is intriguing to speculate that the enhanced stabil- 
ity of compound 15 may be a result of the energetically 
favored accessibility of the cis amide bond conformer. 
From the above ^H-NMR studies it had been shown that 
in aqueous solution compound 15-Na exists exclusively 
in the trans amide bond form; however, upon the 
addition of DMSO-cfe the cis form became accessible. 
The cis form was also shown to depend upon the 
ionization state of compound 15, Based upon these 
results it was obvious that the energy barrier between 
the trans and cis conformers is low and readily obtain- 
able; thus it was not possible to predict the preferred 
structure of compound 15 under physiological condi- 
tions. If the cis conformer was predominant, it can been 
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seen from Figure 4 that C-t • xxial cafboxylata would 
be boned and less accsssibie to carbox^/peptidase activ- 
ity, accounting for the increased stability of compound 
15 in rat intestinal perfusate. ''In the same regard, it is 
possible that methylation of the p-1 amino' acid of a 
carboxypeptidase substrate may.Iead to an analogije 
.that does not . fit properly into the enzyme, either 
stericaHy or simply by disruption of a critical hydrogen- 
bonding interaction. -Resolution of the exact reasons for 
the increased stability will require additional studies, 
which are not the focus of this manuscript. Such studies 
could include replacement of the Ile"^^-[Nl?yIelIle-° amide 
bond with peptido mimetic isosteres (cis alkenes and the 
like) that would lock the molecule into the cis conngu- 
ration. 

It is also quite intriguing that the simple, modification 
of N-methylating a single amide bond of a hexapeptide 
can have such profound effects on the intrinsic stability 
of the molecule in rat intestinal perfusate without 
concomitant effects on cellular permeability. In this 
regard, it should become common practice in the- devel- 
opment of second-generation peptidomimetic compounds 
designed from a peptide lead for extended in vitro and 
in vivo evaluations to perform a reduced amide bond 
and N-methylated amino acid scan. As can be seen from 
above, this can impart desirable physicochemdcal prop- 
erties into the molecule as well as provide insights into 
the understanding of the bioactive conformation. 

Experimental Section 

Materials and Methods, Orthogonally protected ZV^-i-Boc 
amino acids, iV^-Fmoc amino acids, and iV^-i-Boc-Trp-PAM 
resias were purchased from either Advanced Chemtech, Ap- 
plied Biosystems Inc., Bachem California, Bachem Bioscience, 
Novabiochem, Peninsula Laboratories, Inc., orSynthetech Inc. 
All amino acids were of the L-configuration unless otherwise 
noted. 

TFA was purchased from Halocarbon. iV,iV'-Dicyclohexyl- 
carbodiiraide (DCC), DIEA, and HOBt were purchased from 
Applied Biosystems Inc. (ABI). iV^V-Dimethylformamide 
(DMP), DCM, and r^IP were purchased from Burdick & 
Jackson and were of reagent grade or better. HPLC grade 
solvents (AcCN and water) were obtained .from Burdick and 
Jackson, -EM Science, or Mallinckrondt, HF was purchased 
from Matheson Gas Products. All of the'other reagents for 
chemical synthesis were purchased from Aldrich Chemical Co., 
Inc. or similar suppliers. Tris(hydroxymethyl)aminomethane 
(Trizma), ethylenediaminetetraacetate (EDTA), and iV-(2- 
hydroxyethyl)piperazine-A/'-( 2 -e thanes ulfonic acid) (HEPES) 
were purchased from Sigma Chemical Co. Phenylmethane- 
sulfonyl fluoride (PMSF) and bacitracin were purchased from 
Boehringer Mannheim Biochemicals. Bovine serum albumin 
(BSA) was purchased from Miles Inc., Diagnostics Division. 
[^-M]ET-1 (2000 Ci/mmol) was purchased from New England 
Nuclear, DuPont and [^Hlarachidonic acid (218 Ci/mmol) was 
purchased from Amersham. 

The peptides were prepared on an ABI Model 430A or 431A 
peptide synthesizer using software version 1.40: For iV*-i-Boc 
syntheses, the HF cleavages were performed on an Immuno- 
Dynamics Inc. Model 2A/2B HP Apparatus. High-pressure 
liquid chromatographs were obtained on a Waters HPLC 
system from Millipore Corp. equipped with a Model 600E 
system controller, a Model 600- solvent delivery system, a 
Model 490 variable wavelength detector operating at 214 and 
280 nm, and a Bio-Rad Laboratories Model AS- 100 autosam- 
pler. Vydac analytical and preparative Cl8 HPLC columns 
were purchased from The Nest (iroup. Preparative reversed- 
phase HPLC was performed using a Cl8 preparative scale 
Vydac column (218TP1022) (2.2 x 2^0 cm, 10-20 mM particle 
size) eluting with a linear gradient of 0.1% aqueous TFA with 
increasing concentrations of .AcCN at. 15 mL/min. Analytical 



Journal of iViadir ' -^.L Chemistry^ 1997, Vol. 40, No. 14 2235 

reversed-phas ' ,^LC analysis was 'carried out on a Vydac 
column (2l8T?o-tj (0.46 :< 25.0 cm, 5 miM particie si^e)/ The 
anai;/tical HPLC system used was the same as that described 
in detail above for peptide purification.'- The mobile phase 
uciiized for the analytical HPLC analysis was 30% A: 20% B 
to 14% A:86% B [0.1% aqueous TFA (A):0,1% TFA in AcCN 
(E)l; linear gradient was over 22 min at 1.5 miymin {X. = 214 
and 2S0 nm) on a Vydac 213TP54 coiumnV • • : 

Chemical ionizacion mass spectra .(CIMS) were acqmred 
with a Flsons VG Trio-'Z*'^ quadrapole mass spectrometer using 
1% ammonia in methane as the reagent gas. Fast atom 
bombardment mass spectra (PABMS) were measured with a 
VG analytical 7070E/HP mass spectrometer in either a 
thioglycerol or 3- nitro benzyl alcohol matrix using xenon as the 
target gas. Electrospray mass spectra (ESMS) were obtained 
on either a Firmigan TSQ70 or Fisons VG Trio" 2000 quadni- 
pole mass spectrometer using 50:50 watermethanol made 1% 
in acetic acid as the solvent. Routine ^H-NMR spectra were 
measured with a Varian Gemini 2300 or Varian Unity 400 
instrument using tetramethylsilane as an external standard 
in chloroform or dimethyl sulfoxide (CDCI3 or DMSO-iis; 
Cambridge Isotope Laboratories). 

[^^C]PEG-4006 was purchased from New England Nuclear, 
DuPont (NEN). Reference compounds that were used to 
establish the correlation between fractions absorbed in humans 
and transport across 'CACO-2 cell monolayers were either 
obtained from Sigma Chemical Co., with the radiolabeled form 
of the compounds purchased from NEN (D-mannitol, hydro- 
cortisone, phenytoin, and L-phenylalanine), or synthesized at 
Parke-Davis (gabapentin and cefdinir). Modified MES buffer 
was prepared from MES [2-(iV-morpholino)ethanesulfonic 
acid], NaCl, and KCl (Sigma Chemical Co.). D-Glucose and 
human serum albumin were also purchased from Sigma. 
Anesthetics used included Ketaset (ketamine HCl injection, 
USP, 100 mg/mL; Aveco Co., Inc.), Rompun (xylazine, 20 mg/ 
mL; Miles Inc.), and sodium pentobarbital (64.8 mg^mL; 
Anthony Products) for all animal surgery. 

General Strategy: 1. Peptide Synthesis. All of the 
peptides were synthesized by solid-phase peptide synthetic 
techniques on an ABI Model 430A or 43 lA peptide synthesizer. 
The peptide analogues were prepared using an N°-'t-Boc 
protection scheme with iV^-i-Boc-Trp-PAjM resin and the 
aspartic acid side chain carboxylate protected as the benzyl 
ester. Individual iV^-d-Boc amino acids were coupled via DCC 
in DMF. Deprotection of the N°--t-Boc group was achieved with 
50% TFA in DCM, and removal of the iV'^-Fmoc group was 
accomplished with 20% piperidine in DCM. N-Terminal 
acetylation was carried out on the resin in DCM with an excess 
of 1-acetylimidazole (20-fold) or 10% acetic anhydride in DCM 
with a catalytic amount of DMAP; The resin- was then washed 
in turn with DMF, MeOH, and DCM (2 x each) and dried 
under reduced pressure. The peptides were then deprotected 
and cleaved from the resin using anhydrous liquid HF:anisole 
(9:1). The resin was washed with anhydrous ethyl ether, and 
the crude peptide was extracted from the resin with AcCN: 
water (1:1) with 0.1% TFA, concentrated under reduced 
pressure, and lyophilized. (See ref 27 for the detailed solid- 
phase synthesis of compound 2, which is representative of all 
solid-phase syntheses in this report.) 

2. Peptide P-urificatioa. Crude peptides were dissolved 
in a mixture of aqueous 0.1% TFA and AcCN (exact ratio 
depending on the solubility of the peptide) and then purified 
by preparative reversed-phase HPLC (see above). Peptide 
fractions determined to be pure by analytical HPLC were 
combined, concentrated under reduced pressure, and lyophi- 
lized. 

3. Peptide Homogeneity and Characterization. Pep- 
tides were assessed for homogeneity by analytical reversed- 

. phase analytical HPLC. The peptides were, characterized by 
ESMS or FABMS and ^H-NMR spectroscopy. All final pepti- 
domimetic compounds (4—15) provided an ^H-NMR spectrum 
that was consistent with the desired structure; however, due 
to the complexity of the resulting spectrum individual assign- 
ments are not provided. 

Preparation of Ac-DDip-^'ICH-NHl-Leu-Asp-Ue-Ile- 

. Trp (4). Preparation of iV^-^-Boc-DDip-N(CH3)0CH3. To 
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a solution of iV«-i,-Boc-DDip (3.0 g; .omol) in DM? !2Q nxL) 
' 7''^ s^-^-^f d KC1.HN(CH3)OCH,-10.. . g. S.3 nunol), and DEA 
(XO .ILL, l i.2 mmol) foUowed by BOP reagent (3.9 e, 8.S mmol). 
ihe reacuon was allowed to continue for 2 h. • f he reaction 
roixture was then concentrated to dryness. . The residue was 
ta^en up ?nth ethyl acetate (EtOAc; 50 mL), washed with 
saturated aqueous . Na,C03 (2xo0 niL),. water, and 1 M - 
aqueous KKSO. (2 x-50 niL). dried over MgSO^. and concen- 
xo.^**^""" pressure to yield a white foam (3.3 g 
o8%): .^^-NMR (CDCW.d 1.31 (s. 9H), 2.94 (s, 3H), 3 61 (i 

CIMS (m/r)+ calcd 384.2, found 335 (M -i- H). ■ • 
. Preparatioa ofiV-i-Boc-DDip-CHO. To a solution of iV-- 
i.Boc.DDip-N(CH3)OCH3 (3.3 g, 8.5 mmol) in,dry THF (50 mL) 
m io ^^'^^'^^ PO'^ons, lithium aluminum hvdxide 

)P-'^^ ^^■\ ^ol'- The reaction was aUowed. to conciiJue for 
^c»Tn fon r , ^'ii ""^^ 1"«n=iied by adding 1 M aqueous 
JUiau» (^0 mL). The organic phase' was separated and the 
aqueous phase extracted with EtOAc (50 mL). The combined 
organic layer was washed with brine, dried with MgS04, and 
concentrated under reduced pressure to give, a colorless oil 
Qoi? iS'l^irii''^'^ °^ standing at room temperature (2.75, g 

lOH), 9.61 (s, IH); CIMS im/z)- 
calcd 325.4, found 326 (M + H). 

T ^7,?^^"°° °^ Ac-DDip-V{*[CH2NH]-Leu-A3p-Ile-Ile- 
•irp (4). The synthesis of Ar«-i-Boc-Leu-Asp-Ile-Ile-Trp-PAM 
resm was performed as described in the general procedure on 
a 1.0 mmol scale. iV^-i-Boc-Leu-A^p-ne-ne-Trp-PAM resin was 
treated with oO% TFA in DCM (20 mL) for SO min at room 
, n^^^T^ f washed successively with DCM (3 x 20 mL) 
•w n^.JS?o^'^ '20 mL). DMF (3 x 20 mL), and 5% acetic 
acid in DMF (2 x 20 mL). " iV«-i-Boc-DDip-CHO (1 2 g 3 0 
Z^t^i^rr^ followed by 1% acetic acid in DMF (2o'mL) 
and 1 M NaBH3CN-THF (3.3 mL, 3.3 mmol). The mixture 
was shaken at room temperature for 3 h. The resin was then 
washed in turn with DMF, MeOH, and DCM (2 x 20 mL, each) 
and dned under reduced pressure. The peptide was depro- 
tected and cleaved from the resin using anhydrous HF as 
descnoea m the general procedure. The crude peptide was 
punfied by reversed-phase HPLC to afford 230 mg of the title 

S^Z^L'f^oVtM, '^^^ -'^^ 

Preparation of Ac-DDip-Leu-M'CCHiNHl-Asp-ne-Ile. 
T ,Lr^TT\^fi'^''^"°° °^ iV-Benzyloxycarbonyl(Cbz)- 
Leu-V[CH^NH].A5p(0Bu')-0B2L M-Cbz-Lu-CH0\4 pre- 
n^^ pwnTon fr°'"^''-Cbz-Leu as described for iV^-f-Boc 
1^"^"'^ '^-^^ (CDCla) 6 0.95 (m. 6H), 1.74 
9 60 1 m r?i>Q^^' f-l- ^-28 IH), 7.34 (s, 5H), 

va 249.3, found 250 (M +- H) 

MeOHf?nn if '^*-^ ^' ^'^"D.was dissolved in dry 
MeOH (oOO mL) and treated with H-Asp(OBu')-OBzl-HCl (IS.? 
Lh ^'lo^ed by NaBHaCN (3.77 g, 60.1 mmol) and 

acetic acid (HOAc; 4.0 mL, 66.5 mmol). The reaction was 
allowed to contmue overnight and concentrated under reduced 

f^mZ^;,^^^^- '^^ ^^^''^''^ taken up with EtOAc 
N«Hrn j '^^°'"S^°.i<: layer was washed with saturated 
r.^,raA' ^eSO.. and concentrated under 

9 7s 'fm'o^^^ ^•'^O 9H), 1.52-2.51 (m, 4H) 

?0H) CIMS 'r^- ^ ^^V-'^ 2H). 5.17 (s. 2H). 7.i2 (m 
lOH), CIMS (m/zr calcd 512.3. found 513 (M + H) 

hvdrn 'f^^'^i^'l^ 20% Pd/C (2.0 g). and placed under a 
hydrogen atmosphere at 50 psi (2 h, room temperature). The 
reaction mixture was filtered through a Celite pad. and solvent 

soUd (6.0 g, 71%) which was suspended in a mixture of 
^dioxane:water (1:1, 200 mL): The solution was treated with 
taethylamine (7.35 mL, 52.8 mmol) foUowed by S-fluorenyl- 
methyloxycarbonyl.iV.hydro.xysuccinimide (Fmoc-OSu. 7 0 g 

ove^hi ^ f '"i".""" "^"^ temperatui 

ZTlu ^ ^ aqueous KHSO, (52.0 mL) 

and the precipitate was collected by filtration (6 4 ff 5=,% 
yield): ^H-.NMR (DMSO-<f,) 6 0.32 (m^eS) 1 18 (m,lH)'. 5 40 
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•-(3..9K),1.48 (m, ^ 2.95 (m. 5H), 3.88 (m, IH) i o-, or., 
. 4,d4 (rn, IH) 7.32 2H). 7.63 (m. 2H), 7.38 U, 2H)- '^iS 
(^/n/;)^.calcd 510.2, found 511 (?/[ > H). ' . - 

■ iTri^ ^'^^ ^y^-thesis, cleavage from the resm a% 

ceprotection were performed as described in' -the ^o^e^ll 

'^"cZXs^T^"" ^V^':'?' P^^^^ by rever^edThas 
a. CO anord 33 mg of the title comoound- ^HPLC U~A±l 
mm (>96%); ESMS {mizr calcd 910.1, fo,ind 91M (M) 

Tr^^flf P^''°° °5 •^'^•°^.^P-^«"-^p-'^'[CH.^N:H]-ne-ne- 

lrp(6). Preparation of i\'"-<.Boc-.Asp(0B2l).CH™nH r 

(20.niL) ac 0 under N, ./as added i M BHa-THF (40 mL 
40 mmol) dropwise over a period of 2 h. The solution was 
^''lU additional 2 h afc 0 ^C, and 20 mL of HOAc was 

added. The reacnon mixture was evaporated under reduced 
pressure dissolved in EtOAc (100 mL), washed with 10% 
aqueous NahC03, water. 1 N HCl, and brine (2 x 50 mL 
each), dned with MgSO.. filtered, and concentrated unde^ 
reduced pressure to an oil (5.5 g, 90%); ^H-NMR (CDCl.V^ 
1.45 (s, 9H), 2.15 (d, 2H), 2.20 (br, IH). 3.65 (d,lH 4 Oi (m 

309.4, tound 310 (M), 210 (M - Boc). 

Preparation of zV«.^Boc.A^p(OBzl).CHO. To a solution 
ouV-.i-Boc-Asp(OB2i)-CH,OH (2,0 g, 9.7 mmol) in DCM was 
added pyridmium dichromate (5.7 g. 15.0 mmol). The solution 
. -.was allowed to stir at room temperature overnight The 
reaction mixture was filtered through a Celite pad, and the 
filtrate was evaporated to dryness under reduced pressure to 
an oil (1.5 g, 75%). This oil was- used without further 
purification. 

T ^''f'ls^^^}^'^^ A<=*DDip-Leu-Asp-.^(CHoNH]-Ile-ne- 
Irp (6). The peptide synthesis, cleavage from the resin and 
deprotection were performed as described in the crgneral 
procedure. The crude peptide was purified bv reversed-phase 
WPLC to aiTord 43 mg of the title compound: HPLC = 15 9 
mm (>97%); ESMS {mizr calcd 910.1, found 910.5 (M). 

Preparation of Ac-DDip-Leu-Asp-Ile-^[CH2NH]-Ile- 
Z'^n^K ^ntf^''^''*'° o^'iV--Cb^-Ile-^l'[CH,^^H]-IIe.OMe. 
IN -Lbz-lie-CHO was prepared in two steos from N'^-Cbz-Tle 
as descnbed for A^^-^-Boc-oDio-CHO (8.3 g\ 64%) iV^-ebz-Ile- 
^^^^ (250 mL) and treated with 
Ile-OMe-HCl (4.3 g, 33.4 mmol) followed by NaBHaCN (2 8 g 
44.3 mmol) and acetic acid (2.0 mL, 33.3 nimol). The reaction 
mtxture was allowed to stir overnight and concentrated under 
reduced pressure to dryness. The residue was dissolved in 
EtOAc (100 mL), washed with saturated aqueous NaHCOa and 
bnne (2 x 50 mL,.each), dried with Na^SO^, filtered, and 
concentrated under reduced pressure to an oil which crystal- 
lized upon standing (9.35 g, 74%): ^H-NMR (CDCI3) 6 0 SS 
(m 12H), 1.45 (m, 7H), 2,42 (m, IH), 2.78 (m, IH), 3,02 (d 
IH), 3.59 (m, IH), 3.69 (s, 3H), 4.88 (m, IH), 5.10 (s 2H) 7 35 
(s, 5H); CIMS (m/z)^ calcd 378.4, found 379 (M + H). 

Preparation ofiV---Cbz-IIe-^'[CH2NH].-Ue. To a solution 
of iV«-Cb2-Ile-H'[CH,NH]-ne-0Me (4.35 g. 11,5 mmol) in p- 
dioxane (45 mL) was added 1 M aqueous LiOH (12.5 mL, 12.5 
mmol). The reaction mixture was stirred at room temperature 
for 4 days. The solvent was removed under reduced pressure 
and the residue was dissolved in water (10 mL). The resulting 
solution was treated with 2 N.HCl (23 mL), The precipitate 
which formed was collected and dri^d (3.1 g, 74%)- ^H-NMR 
(DMSO^s) d 1.35 (m, 6H), 2.52 (m,lH), 2.78 (m, IH), 2.99 (d, 
. 2H), 5.02 (s, IH), 7.22 (d, IH). 7.35 (s, 5H); CIMS (m IzY calcd 
364.4, found 365 (M + H). 

Preparation ofiV^-Fmoc-Ile-^CCHaNHl-IIe, iV«-Cbz-Ile- 
^[CH^NHl-Ile was dissolved in MeOH (50 mL) and hydroge- 
nated in the presence of 20% Pd/C (0.30 g) fpr 2 h. The 
reaction mixture was filtered, and the solvent was concen- 
trated under reduced pressure to a white powder (1.8 g) which 
was suspended in a mixture of waterp-dioxane (1:1, 70 mL). 
The solution was treated with triethylanxine (2.7 mL, 19.5 
mmol) followed by Fmoc-OSu (2.6 g. 7.7 mmol). The reaction 
mixture was stirred at room temperature overnight, and 
treated with an aqueous solution of KHSO4 (2,7 g, 19.5 mmol 
in 100 mL). The precipitate was collected, triturated with 
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. EtOAc:hexane (l:4)/and dri( ider reduced pressure 'to 'a 
white solid (2.0 g/51%): CBlb ^/n/z)- caicd 452.i. found 453 

. Preparation of Ac-DDip-Leu.A5p-ne-^[CH2NH]-Ile- 
Trp (7). The peptide synthesis, cieavage from the resin, and 
deprotection were penormed as described in the' general 
procedure. The crude peptide was purified by reversed-phase 
HPLC to' afford 190 mg of the title comoound; HPLC = 1^ 5 
tnin (>98%); FABMS (m/z)- calcd 910.1, found 910.7 (M), • 
, Preparation of Ac-DDip-Leu-A:3p-Ile-ne-H'[CH2NHl- 
Trp (8). Preparatioa of iV'^-^Boc-^e-N(CHa)OCHo/ To a 
soiucion ofiV^-i-Boc-ne (10 g. 43.2 mmol) in DMF (20 mL) were 
added HC1-HN(CK,)0CH3 (4.4 g, 45.1 mmol) and DIEA (15.7 
mL, 90.1 mmol) followed by BOP reagenc (9.1 g, 43,2 mmol). 
The reaction mi:cture was stirred for 2 h. The reaction mixture 
was then concentrated under reduced pressure to dryness. The 
residue was taken up with EtOAc (100 mL), washed with 
saturated aqueous Na2C03, water, and 1 M aqueous KHSO4 
(2 X 50 mL, each), dried with MgS04, and concentrated under 
reduced pressure to give a pale yellow oil (10.1 g, 91%)- ^H- 
NMR (CDCI3) 6 0.95 (m, 6H), 1.38 (s, 9H), 1,50 (m, 2H) 1 74 
(m, IH), 3.21 (s, 3H). 3.80 (s, 3H), 4.80 (m, IH). 5.33 (d, IH)- 
CIMS (m/z)-^ calcd 274.1, found 274 (M). 

Preparatioa of iV^-^-Boc-ne-CHO, To a solution o( M^- 
i-Boc-Ile-N(CH3)OCH3 (10.0 g, 38.9 mmol) in dry THF (200 
mL) at 0 °C was added, in portions, lithium aluminum hydride 
(1.7 g, 44.8 nunol). The reaction was stirred for 30 min at 0 
and quenched by the addition of 1 M aqueous KHSd4 (100 
mL). The organic phase was separated and the aqueous phase 
extracted with EtOAc (100 mL). The combined organic phases 
was washed with brine (1 x 50 mL), dried with MgS04, 
filtered, and concentrated under reduced pressure to a colorless 
oil (6.6 g 87%): ^H-N1V[R (CDCI3) 6 0.96 (m, 6H), 1.36 (s, 9H) 
1.38-1.84 (m, 3H), 4.38 (m, IH), 5.38 (d, IH), 9.60 (s, IH)' 
CIMS {m/zr calcd 215.3, found 216 (M + H). ' 

Preparation of iV^.f-Boc-De-^ [CH^NH]-Trp-PAM-Resin. 
iV^-^-Boc-Trp-PAM resin (1.0 mmol total) was treated with 50% 
TFA in DCM (20 mL) for 30 min at room' temperature; the 
resin was washed successively with DCM (3 x 20 mL) 10% 
DIEA in DCM (20 mL), DMF (3 x 20 mL), and 5% HOAc in 
DMP (2 X 20 mil ^'^-i-Boc-Ile-CHO (2.5 mmol) was added 
followed by 1% acetic acid in DMF (20 mL) and NaBHaCN (2.5 
mmol). The mixture was shaken at room temperature for 3 
h. The resin was washed with DMF, MeOH,..and DCM (3 x 
20 mL, each) and dried under reduced pressure. 

Preparation of Ac.DDip-Leu-Asp-Ile•Ile-^'(CH2^^H]- 
Trp (8). The peptide synthesis, cleavage from the resin, and 
deprotection were performed as described in the general 
procedure. The crude peptide was purified by reversed-phase 
HPLC to afford 30 mg of the title compound: HPLC = 14 5 
min (>98%); FABMS {m/zr calcd 910.1, found 910.7 (M). 

Preparation of Ac-[NMe]DDip-Leu-Asp-Ile-Ile'Trp (9). 
Preparation of iV»-4,4'-DimethoxylphenyLmethyl(Dod)- 
DDip-Leu.A5p(0Bzl)-Ile-Ile-Trp-PAM Resin. iV-^-i-Boc- 
DDip-Leu-Asp(OBzl)-Ile-Ile-Trp-PAM resin (0.5 mmol) was 
prepared as described in the general procedure. N'^-t-Boc- 
DDip-Leu-Asp(OBzl)-ne-Ile-Trp-PAiVI resin (0.5 mmol) was 
treated with 50% TFA;T)CM for 30 min in a manual shaker 
and washed with DCM (3 x 20 mL), 10% DIEA/DCM (20 mL) 
and DCM (2 x 20 mL). Dod-Cl (0.20 g. 0.76 mmol) in DCM 
(20 mL) was added followed by DIEA (0.5 mL). The reaction 
was allowed to proceed for 1 h. The resin was drained washed 
with DCM and DMF (3 x 20 mL, each), and dried under 
reduced pressure. 

Preparation of H-[NMe]DDip-Leu-Asp(OBzI)-IJe.ne- 
Trp-PAM Resin. The formaldehyde in DMF solution was 
prepared as follows: To a 38% aqueous formaldehyde solution 
(20 mL) was added to DMF (180 mL) followed by MgS04 (50 
g). The solution was stirred for 1 h under No and filtered. The 
filtrate (20 mL) was added toiV"^-Dod-DDip-Leu-Asp(OBzl)-Ile- 
Ile-Trp-PAiM resin followed by HOAc (0.30 mL) and 1 M 
NaBHaCN in D^fF (1.25 mL, 1.25 mmol). The mixture was 
shaken for 30 min and the procedure repeated. The resin was 
then treated with 50%TF.VDCM (^ x 20 mL, 20 min each), 
washed in turn with DCM, 10% DIE.VDCiM, and DMF (3 x 
20 mL, each), and dried under reduced pressure. 
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■■; Preparat of Ac-rMMelDDiplLeu^Asp-ne-Ile-TrD (9)' 
;K-(>nVIe]DDip-i_eu-Asp(OBziVne-Qe-Trp was cleaved rrom the 
resia and deprotected using anhydrous HFianisole (9:1 0 '^C 
60 min). 'The crude peptide 'waspurined by reversed-'ohase 
HPLC and lyophilised. The purified peotide was dissolvpd in 
90% HOAc (20 mL) and treated :;vith acetic inhydride (2 mL) 
for 2 h. Evaporation followed by lyoohilizacion afforded ^0 
mg of the ntie compound: HPLC = 18.5 min (97%)- ESMS 
(^/r)" calcd 938-1/ found 937.6 (M)* ' ^ . 

^ Preparatioa of Ac-DDip'-[NMe]Leu-Asp^IIe-Ile-Trp (10). 
The peptide synthesis, cleavage from the resin, and deprotec- 
tion were penormed as described in the general procediire. 
iV^-^-Boc-CNMelLeu was obtained from commercial sources! 
The crude peptide was purified by reversed-phase HPLC to 
afford 18.0 mg of the title compound: HPLC = 17 5 min 
(>98%); ESMS {m/zr caicd 938.1, found 939.1 (M + H). ■ 

Pre para tio n of Ac-DDip-Leu-{NMe]Asp-Ile- De-Trp ( 1 1) 
Preparation of Ar"-Fmoc-[NMe]Asp(OB2l). To a susoen- 
sion of /V^.Fmoc^Asp(OB2l) (3,0 g, 9.3 mmol) and paraformal- 
dehyde (2.0 g) in toluene (100 mL) was added p-toluenesulfonic 
acid (0.2 g). The mLxture was refluxed with azeotropic water 
removal for 30 min. The reaction mLxture was then cooled to 
room temperature, washed with saturated aqueous NaHCOa 
and brine (2 x 50 mL, each), dried with MgSOn, filtered, and 
concentrated under reduced pressure (oil, 2.8 g) which was 
then treated with a mLxture of CHCI3 (50 mL), TFA (40 mL), 
and EtaSiH (4.3 mL, 27.0 mmol) at room temperature for 40 
h. The reaction mixture was evaporated under reduced, 
pressure to dryness. The residue was dissolved in EtOAc (50 
mL), washed with saturated aqueous NaHCOa, water, 1 N 
HCl, and brine (2 x 50- mL, each), filtered, dried with MgS04, 
and concentrated under reduced pressure to a foam. Crystal- 
lization from EtOAc/hexane yielded a white powder 5 cr 
80%): ^H-NIVIR (CDCI3) 6 2.35 (m, IH), 2.90 (s, 3H), 3.11 (m' 
2H), 4.25 (m. 2H), 5.12 (m, 2H). 7.25 (m, 7H), 7.55 (m, 3H)! 
7.78 .(m, 3H) [In the ^H-NMR of this compound a doubling of 
the resonances was observed, presumably due to rotational 
isomerization about the urethane bond. In this case the 
chemical shift of the major isomer is reported (probably the 
trans conformer), but the total integration of both resonances 
is reported.] FABMS {m/z)-^ calcd 459.5, found 459.1 (M); 

Preparation of Ac-oDip-Leu-CNMelAsp-Ile-Ile'Trp (11). 
The peptide synthesis, cleavage from the resin, and deprotec- 
tion were performed as described in the general procedure. 
The crude peptide was purified by reversed-phase HPLC to 
afford 25.8 mg of the title compound: ' HPLC ^R ~ 15.0 min 
(>99%); ESMS {m/z)^ calcd 938.1, found 939.4 (M + H), 960.1 
(M + Na). 

. Preparation of Ac-DDip-L€u-Asp-[NMe]Ile-Ile-Trp (12). 
The peptide synthesis, cieavage from the resin, and deprotec- 
tion were performed as described in the general procedure. 
iV'^-i-Boc-fNMellle was obtained from commercial sources. The 
crude peptide was purified by reversed-phase HPLC to afford 
53.5 mg of the title compound: HPLC Cr = 18.5 min (97%); 
ESMS (m/z)+ calcd 938.1, found 938.1 (M), 960.7 (M + Na). 

Preparation of Ac-DDip-Leu-Asp-He-CNMeine-Trp (13). 
Preparation of iV«-Fmoc-IIe-COCL To a suspension of^<^- 
Fmoc-rie (10.0 g, 28.3 mmol) in DCM (100 mL) was added 
oxalyl chloride (2,9 mL, 33.0 mmol) dropwise at 0 '^C. The 
reaction mixture was stirred for 1 h at 0 X and warmed to 
room temperature. The reaction mixture was stirred at room 
temperature for an additional 2 h and evaporated under 
reduced pressure to an oil (8.5 g. 81%): ^H-NMR (CDCI3) 6 
0.85 (t, 3H), 1.05 (d, 3H). 1.18 (m, IH), 1.45 (m, IH), 2.12 (m, 
2H). 4.25 (t, IH), 4.50 (m, 2H), 5.25 (d, IH), 7.25 (t, 2 H), 7,38 
(t, 2H), 7.55 (m, 2H), 7.74 (d, 2H) [In the ^H-NMR for this 
compound a doubling of the resonances was observed, presum- 
ably due to rotational isomerization about the urethane bond. 
In this case the chemical shift of the major isomer is reported 
(probably the trans conformer), but the total integration of both 
resonances is reported.] CIMS [m/z]* caicd 370.2, found 369 
(M + H). 

Preparation of A^^-Fmoc-De-[NMe]Ile-Trp-PAM Resin. 
iV^-^-Boc-(NMe]Ile-Trp-PAiM resin (0.5 mmol) was prepared as 
described in the general procedure. A^'^-^-Boc-CNTvlellle was 
obtained from commercial sources. iV^'-t'-Boc-tNlVlejlle-TTO- 
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► ?.\M .resin was.ln-satea wth .SO-,. .TFA/DCM (20 mL) for 30 
juji ana washed. -Adth DCM (3 x 20 mL); 10% DIEA/T)CM CO 
.DiL), and DCM (3 x 20 mL). . iV»-Fmoc-ne-COCr(0 6 g' 1 6 
mmaV) m DCM (20 mL) ^waa added followed b'y DIEA (2.7'mL 
l.oo aimol). ,The, reaction mraure waa shaken for 2 fa and 
tne proc8aure..was , repeated. . The pentide' resin was thea 
wasned .with .DCM,(3.;<: 20 'mLy .and 'dried onder reduced 
.pressure. ■ ,, , 

Preparation of Ac-DDip-L€u-Asp-Ile-(NMe]ne-Trp (13) 
.The peptide synthesis, cleavage from the resin, and deprotec- 
tion were periprmed as described in the general procedure. 
• the crude pepcide was purified by reversed-phase HPLC to 
atiord 70.1 mg of the title compound: HPLC is = 17 3 min 
(98%); ESMS {m/z)* calcd 938.1, found 939.1 (M -r H). 

. Preparatioaof Ac-DDip-L«u-Asp-ne-ne-[NMe]Trp (14) 
Preparation of N-^-Dod-Trp-PAM Resin. iV-.f-Boc-Trp- 
FAM resin (O.o mmol) was treated with 50% TFA/DCM for 30 
f ^'^a-'^er and washed with DCM (3 x 20 mL) 
10% DIEA/DCM (20 mL), and DCM (2 x 20 mL). Dod-Cl (0 ^o 
g. 0. / 6 mmol) in DCM (20 mL) was added followed by DIEA ' 
(U.D mL). The reaction was allowed to proceed for 1 h The 
resin was drained, washed with DCM and DMF (3 x 20 mL 
each), and dried under reduced pressure. 

A 1''a'^^''V:\°.^ °^ H-[NMe]Trp-P.\M Resin. The formal- 
dehyde in DMF solution was prepared as follows: To a 38% 
aqueous form.aldehyde solution (20 mL) was added DMF (130 
mL) followed by MgSO« (50 g). The solution was stirred for 1 
h and filtered. The filtrate (20 mL) was added to iV^-Dod-Trp- 
^^^^ (°-30 mL) and 1 M NaBHjCN 
in DMF (1.25 mL, 1.25 mmol). The mixture was shaken for 
30 min and the procedure repeated. The resin was then 
treated with 50% TFA/DCM (2 x 20 mL. 20 min each), washed 
m turn with DCM, 10% DIEA/DCM, and DMF (3 x 20 mL 
eaca), and dried under reduced pressure. 

Preparation of Ac-DDip-Leu-Asp-ne-Ile-CNMelTrp (14) 
ihe peptide synthesis was performed as described in the 
general procedure. After the coupling of iV-f-Boc-oDip the 
peptide resin was treated with 50% TFADCM (30 min) 'and 
the peptide was deprotected and cleaved from the resin using 
anhydrous HF:anisole (9:1, 0 °C, SO min): The crude peptide 
was purined by reversed-phase HPLC and lyoohilized. The 
punbed peptide was dissolved in 90% acetic acid (20 mL) and 
foflowiT ^2 mL) for 2 h. Evaporation 

?o 3 w/r 'y°Ph^l^2/«°" afforded 40 mg of the title com- , 
K gs^'^'M)" = ^2^2 ^'^'^'^ -^<=>^ 938.1, 

Preparation of Ac-DBhg-Leu-Asp-ne-tNMelDe-Trp (15). 
ihe peptide synthesis, cleavage from the resin, and deprotec- 
(mA^m^T^f'^^'^ '^^ '^^^"^^^d for Ac-DDip-Leu-.Asp-Ile- ' 
[NMellle-Trp (compound 13). The crude peptide was purified 

™ 'T'^r'F^^^'^ ^^^^ '° "^""^ 530 mg of the title corn- 
found 96^4 ^Mf ^^"^^ '"^'''^ "^'^ 

Eadothelin Receptor Binding .i^say Protocol. The 
receptor buiding assay protocols using rabbit renal vascular 
smooth muscle cells (ETa), rat cerebellar membranes (ETa) 
or the corresponding cloned human ETa and ETa receptors 
nave been previously described.^a 

^''^^ ^°"^'^<=t^l"y Studies. The e-xperimental pro- 
tocols usmg vascular rings of rat femoral artery (ETa) or rabbit 
pulmonale artery (ETa) have been previously described ^ 
P.^*"""? Transport and Stability in Rat Intestinal 
Perfusate E.xperunents. These studies were performed as 
previously described.'" 

lSfi9^Tv"^^!.°''""°° of Action Study with PD 
Ifp^h^L '^".'^'^ (350-500 g) were anesthetized with 
methoxyflurtuie by mhalation and instrumented with a jugular 
cannula (PESO) for iv administration of test agents andS 
a carotid artery cannula (PESO) for arterial blood pressure 
measurements. Rats were attached to a swivel for freedom 
01 movement, and food and water were available ad libidum 
i^or to the e.xperiment, the animals viere allowed to recover 
from the anestnesia for 60 min. Following recovery the rats 
^^,f b'<^!^ed vvith mecamylamine-HCl (1.25 mg/ 

kg. IV) 20 mm prior to the ET-1 chaJie.ige (0.30 nM/kg iv 



bolus), ^.Compouna 15 was administered at a dose of iQ ma/ 
rcg (iv, Dolus) 5 and 30 min pnor co the ET-1 challenge - 

Nuclear Magnetic ResoDance Staidies. " 'li-l^^sDec'r^ 
were^recorded 'on a.Broker MC^ 500 spectrometer -usine 
samples cypicaily 5-10 miM dissolved in deucerated solve-it! 
oocained rrom Cambndge Isotope Laboratories. .Two-.iimen • 
sionai. total correlation spectroscopy (TOCSY),^^ double- 
quantum-altered correlation spectroacooy (dqf-COS'D ro 
tatmg frame nuclear Overhauser spectroscooy (ROESY) ^-s^' 
and .nuclear Overhauser spectroscoov (NOESY)^^ were' ac 

0^?rR°l^''r ^^^^f^^^'-ere processed using 
immR (Braker Instruments). Quadrature detection in the 
d dimension was achieved by the time proportional phase 
mcrementadon (TPPI)B3 oiethod m 2D spectra. Prior to zero- 
Uiling to Ih. m the second dimension and Fourier transforma- 
tion, cos- weighting functions were applied to the time domain 
daca m both dimensions. FinaOy, the baselines in the '^D time 
domain matrices were flattened using a polynomial attine 
routine. NOE data were converted to distance constraints as 
pre^nously described. NOESY cross-peaks for which volume 
bmldup curves (30-400 ms) suggested contributions from spin 
dniusion were excluded from the analysis. Coupling constants 
were measured directly from resolution-enhanced ID spectra 
and were used as converted to dihedral constraints where 
warranted. Amide temperature coefficients were measured 
relative to an internal reference [3-(trimethylsiiyl)propiomc 
acid-<f, sodmm salt (TSP) for aqueous samples, the residual 
solvent resonance in organic solvents] for at least three 
different temperatures. Structures were generated using the 
distance geometry/simulated annealing program DGII (Biosym 
Technologies) followed by constrained energy minimization 
using a previously described protocol.'^'^ 

Secondary shifts were calculated by subtracting the random 
coil chemical shift from the observed chemical shifli, and all 
observed chemical shifts were referenced directly or indirectly 
to TSP protons at 0.0 ppm.^^ Carbon- 13 random coil chemical 
sniffs for natural amino acids were obtained from the ap- 
propriate literature references for oeotides dissolved in D^O^^ 
and DMSO.'^s ^o correct the DMSO solution random 'coil 
cnemical shifls for referencing relative to TSP protons, 3.34 
ppm was added to the reported values. For unnatural 
residues, random coil shifts were measured in the peptides 
Gly-Gly-Xxx-Gly-Gly, where Xxx ^ oEhg and [NMeJIle as 
previously described,"^^ The random coil chemical shiils used 
to calculate secondary shifts are provided in the Supporting 
Information. For the disodium salt peptides, 1.5 ppm was 
added to the random coil chemical shift of the a carbon of Asp^^ 
to compensate for differences in ionization state from the 
hterature values. This correction factor was derived from the 
reported shifts for Asp carbons in the neutral and anionic 
forms of Asp-containing peptides in D^OJ'^ For Ile^^ in com- 
pound 15, 2.4 ppm was subtracted from the random coil 
chemical shift of the He a carbon to compensate for its 
attachment to a tertiary amide group." This correction factor 
was derived from the reported shifts for He in the peotides 
Gly-Gly-Ile-Ala-Gly-Gly and Gly-Gly-Ile-Pro-Gly-Gly."^^^ 
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